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(54) Display method by using sub-pixels 

(57) A display method includes obtaining three- 
times magnified image data, which is made up of sub- 
pixels and with which the definition of a raster image to 
be displayed is magnified by three in a first direction. A 
filtering process on the three-times magnified image da- 
ta is based on factors that are weighed in accordance 



to the degrees of contribution to luminance of the three 
primary colors of R, G, and B. The weighted data are 
allocated to sub-pixels of the three-times magnified im- 
age data that have been subject to the filtering process. 
The sub-pixels are formed by the three light-emitting el- 
ements that form a pixel to thereby enable the display 
device to display the image. 
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Description 

[0001] This invention concerns a sub-pixel display method for display equipment, which performs display at sub- 
pixel precision based on an original image. In particular, this invention concerns a filtering technique to be used in the 

5 process of performing sub-pixel display. 

[0002] Display equipment that employs various types of display devices is well known and used in the past. Included 
among such display devices are color LCD's, color plasma displays, and other display devices, in which three light- 
emitting elements, which respectively emit light of the three primary colors of R ( G, and B, are aligned in a fixed order 
in a first direction to form one pixel. A plurality of such pixels are aligned in the first direction to form one line. A plurality 

10 of such lines are aligned in a second direction, which is orthogonal to the first direction, to form the display screen. 
[0003] There are also many display devices, such as the display device in a portable telephone, mobile computer, 
etc., which have a relatively narrow display screen and in which detailed display is difficult to achieve. When the display 
of a small character, photograph, or complex picture, etc. is attempted with such a display device, part of the image 
tends to become smeared distorted and unclear. 

15 [0004] Literature (entitled: "Sub Pixel Font Rendering Technology") concerning sub-pixel display, which makes use 
of each pixel being formed of the three light-emitting elements for R, G, and B to improve the clarity of the display on 
a narrow screen, is disclosed on the Internet. The present inventors have considered this literature upon downloading 
it from the site, http://grc.com, or its subordinate. 

[0005] This art is described with reference to Figs. 23 to 28. In the following description, the image of the alphabetic 

20 character, "A", is used as an example of the image to be displayed. 

[0006] Referring to Fig. 23, each single line is composed of a plurality of pixels, each of which is formed from three 
light-emitting elements aligned along the direction of the line. The horizontal direction in Fig. 23 (the direction in which 
the light-emitting elements of the three primary colors of R, G, and B are aligned) is referred to as the first direction. 
The orthogonal, vertical, direction is referred to as the second direction. Any order of alignment of the light-emitting 

25 elements besides R, G, and B is possible. The prior art and the present invention are applied likewise even if the order 
of alignment is changed. 

[0007] A pixel (set of three light-emitting elements) is aligned in a single row in the first direction to define a single 
line. A plurality of lines are aligned in the second direction to define the display screen. 

[0008] With this sub-pixel technology, the original image is, for example, an image such as that shown in Fig. 24. In 
30 this example, the character, "A", is displayed over an area of seven pixels each in the horizontal and vertical directions. 
Where each of the R, G, and B light-emitting elements is handled as a single pixel in order to perform sub-pixel display, 
a font, which has a definition of three times that of the above-described image in the horizontal direction, is prepared, 
as shown in Fig. 25, over an area of 21 (= 7 x 3) pixels in the horizontal direction and 7 pixels in the vertical direction. 
[0009] Then as shown in Fig. 26, a color is determined for each of the pixels in Fig. 24 (i.e. not the pixels of Fig. 25 
35 but the pixels of Fig. 24). However, since color irregularities occur if display is performed as it is, a filtering process, 
using factors such as shown in Fig. 27(a), is applied. Factors concerning the luminance are shown in Fig. 27(a). The 
luminance values of the respective sub-pixels are adjusted by a multiplying factor, for example, of 3/9 in the case of 
the central target sub-pixel, of 2/9 in the case of an adjacent sub-pixel, and of 1/9 in the case of the sub-pixel next to 
the adjacent sub-pixel. 

40 [0010] These factors are now described in more detail with reference to Fig. 28. In Fig. 28, the **" indicates that the 
sub-pixel may be any of the three primary color light-emitting elements for R, G, and B. The determination of the factors 
is started from the first stage at the top and proceeds to the second stage and the third stage. The factor of the central 
target sub-pixel is determined at the center of the third stage. 

[001 1] In proceeding from the first stage to the second stage, energy is distributed uniformly among the three primary 
45 color light-emitting elements for R, G, and B, that is, the factor of the first stage is just 1/3. Likewise, energy is distributed 
uniformly in proceeding from the second stage to the third stage, that is, the factor of the second stage is also just 1/3. 
[0012] Since the central sub-pixel is reached from the first stage via a total of three paths at the center, left, and right 
sides of the second stage, the synthetic factor (in which the factors of the first and second stages are synthesized) of 
the central sub-pixel is 1/3 H 1/3 + 1/3 H 1/3 + 1/3 H 1/3 = 3/9. Also, since a sub-pixel adjacent the central pixel is 
50 reached via two paths, the synthetic factor thereof is 1/3 H 1/3 + 1/3 H 1/3 = 2/9. Since there is only one path for a 
next adjacent sub-pixel, the synthetic factor thereof is 1/3 H 1/3 = 1/9. 

[001 3] A first problem with this approach is that each of the three primary color light-emitting elements of R, G, and 
B differ in the degree that they contribute to luminance. Part of this difference is due to source brightness, and part is 
due to the response of the eye to. different colors. 
55 [001 4] Thus when a filtering process for sub-pixel display by the prior art is performed, although color irregularities 
are eliminated, the entire image becomes blurry and the display quality is poor. 

[001 5] In addition with the prior art method, the denominator of the multiplying factor is 9, a multiplying factor cannot 
provide an integer aliquot in general (aliquot refers to a number that contains an exact number of some other number, 
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i.e., one number exactly divisible by another number without a remainder). Thus when a factor is approximated by an 
integer, a significant error is introduced. 

[0016] Thus In performing the filtering process for sub-pixel display by the prior art, floating decimal point computation 
is necessary. Floating decimal point computation disables high-speed integer computation and makes it difficult to 

5 incorporate the process into hardware. 

[0017] In known methods an anti-aliasing process is performed to improve the visibility of an image in a narrow 
display area. However, known anti-aliasing processes blur the image as a whole in an attempt to alleviate jaggedness, 
and image quality is degraded by such blurring. With regard to this point, visibility is improved by the application of the 
above-described sub-pixel technique. However, there is a requirement for even better visibility in the display results 

10 achieved by the application of sub-pixel techniques. 

[0018] There is a general requirement for a display method by which the color irregularities in a sub-pixel display 
are eliminated. There is also a requirement for a display method in which a high quality sub-pixel display is provided 
at high speed. 

[0019] There is also a requirement for a display method, which eliminates color irregularities in sub-pixel displays 

15 and also enables high-speed computation of the display. 

[0020] There is a general requirement for a display method by which an image is displayed smoothly with low blurring. 
[0021] A first aspect of this invention provides in a method of performing display with a display device, with which 
three light emitting elements, which respectively emit light of the three primary colors of R, G, and B, are aligned in a 
fixed order to form one pixel, such pixels are aligned in the first direction to form one line, and a plurality of such lines 

20 are provided in a second direction, that is orthogonal to the first direction, to form a display screen. The display method 
consists of a step of obtaining three-times magnified image data, which are formed of sub-pixels and with which a 
raster image to be displayed currently, is magnified by three in the first direction, a step of performing a filtering process 
on the three-times magnified image data based on factors that are weighed in accordance to the degrees of contribution 
to luminance of the three primary colors of R, G, and B, and a step of allocating the sub-pixels of the three-times 

25 magnified image data that have been subject to the filtering process to the three light-emitting elements that form a 
pixel to thereby make the display device perform display. 

[0022] A second aspect of this invention provides in a method of performing display with a display device, with which 
three light-emitting elements, which respectively emit light of the three primary colors of R, G, and B, are aligned in a 
fixed order In a first direction to form one pixel, such pixels are aligned in the first direction to form one line, and a 

30 plurality of such lines are provided in a second direction that is orthogonal to the first direction to form a display screen. 
The display method comprised of a step of obtaining three-times magnified image data, which are formed of sub-pixels 
and with which a raster image to be displayed currently is magnified by three in the first direction, a step of performing 
a filtering process on the three-times magnified image data based on factors that ignore the degrees of contribution to 
luminance of the three primary colors of R, G, and B, a step of performing, based on factors that are weighed in 

35 accordance to the degrees of contribution to luminance of the three primary colors of R, G, and B, a correction process 
on the sub-pixels of the three-times magnified image data that have been subject to the filtering process, and a step 
of allocating the sub-pixels of the three-times magnified image data that have been subject to the correction process 
to the three light-emitting elements that form a pixel to thereby make the display device perform display. 
[0023] By the above arrangements, sub-pixel display, in which the degrees of contribution to luminance of the three 

40 primary colors of R, G, and B are taken into account, is performed and color irregularities are reduced to improve the 
quality of sub-pixel display in comparison to the prior art. 

[0024] With a display method of one embodiment of this invention, the filtering process is performed in one stage. 

[0025] Since this arrangement takes into account the degrees of contribution to luminance of the three primary colors 

R, G, and B, color irregularities are adequately limited even by a single-stage filtering process. Moreover, the processing 
45 speed is improved by a simple process. 

[0026] With a display method of another embodiment of the invention, the filtering process is performed in two stages. 

[0027] With this arrangement, the degrees of contribution to luminance of the three primary colors R, G, and B, are 

taken into account over two stages to enable a fine-tuned filtering process to be performed. Color irregularities are 

thus further restricted to enable additional improvement in the display quality. 
50 [0028] In preferred embodiments at least part of the factors are set so that R:G:B = 3:6:1. 

[0029] By this arrangement, luminance adjustment that matches the actual circumstances is performed. 

[0030] Preferably, at least part of the factors are set based on measured values resulting from the measurement of 

the characteristics of the abovementioned display device. 

[0031] By this arrangement, the unique characteristics of a display device are accounted for in the filtering process. 
55 [0032] Preferably, the filtering process is performed on a total of three sub-pixels centered about a target sub-pixel. 
[0033] With this arrangement, since the degrees of contribution to luminance of the three primary colors R, G, and 
B, are taken into account, color irregularities are adequately restricted even by a filtering process performed on a total 
of three sub-pixels. Moreover, the processing speed is improved by a simple process. 
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[0034] Preferably, the filtering process is performed on a total of five sub-pixels centered about a target sub-pixel. 
.. [0035] With this arrangement, since the degrees of contribution to luminance of the three primary colors R, G, and 
B, are taken into account across a wide range and a fine-tuned filtering process is performed, color Irregularities are 
restricted further to enable additional improvement in the display quality. 

5 [0036] According to a further aspect of the invention there is a display method, with which filter results, obtained in 
accordance with a pattern of the values of a total of n (where n is a natural number) sub-pixels, which are aligned in 
the first direction and are centered about a target sub-pixel of a three-times magnified image that is input, are prepared 
in advance in a filter results storage means and which includes a step of obtaining three-times magnified image data, 
which are formed of sub-pixels and with which a binary raster image to be currently displayed is magnified by three in 

10 the first direction, a step of executing a filtering process by referencing the filter results storage means, and a step of 
allocating the sub-pixels of the three-times magnified image data that have been subject to the filtering process to the 
three light-emitting elements that form a pixel to thereby enable the display device perform display. 
[0037] By this arrangement, the filtering process necessary for sub-pixel display is performed by referencing the filter 
results storage means to enable performing sub-pixel display at high speed. 

15 [0038] in preferred embodiments, the referencing of the filter results storage means is performed using the values 
of a total of three sub-pixels centered about the target sub-pixel. 

[0039] By this arrangement, the quality of the filtering process by the referencing of the filter results storage means 
is the same as the quality of the filtering process performed on a total of three sub-pixels centered about the target 
sub-pixel. This is adequate in terms of practical use especially in the case where an image of low gradation is to be 
20 displayed since color irregularities are not conspicuous in this case. This saves storage area and enables high speed 
processing reducing the amount of filter results to be referenced. 

[0040] In other preferred embodiments the referencing of the filter results storage means is performed using the 
values of a total of five sub-pixels centered about the target sub-pixel. 

[0041] In further preferred embodiments, the referencing of the filter results storage means is performed using the 

25 values of a total of seven sub-pixels centered about the target sub-pixel. 

[0042] By these arrangements, the quality of the filtering process by referencing the filter results storage means is 
kept the same as the quality of the filtering process performed on a total of five or seven sub-pixels centered about the 
target sub-pixel. These arrangements thus enable accommodation for high-gradation image displays, in which color 
irregularities tend to become conspicuous. 

30 [0043] Preferably, the raster image that is input is binary data. Since the number of conditions a total of three sub- 
pixels centered about the target sub-pixel can take on is 2 to the 3rd power, 8 sets of values in the filter results storage 
means are necessary and adequate. 

[0044] In other preferred embodiments, the raster image that is input is binary data, and since the number of condi- 
tions a total of five sub-pixels centered about the target sub-pixel can take on is 2 to the 5th power, 32 sets of values 
35 in the filter results storage means are necessary and adequate. 

[0045] In other preferred embodiments, since the number of conditions a total of seven sub-pixels centered about 
the target sub pixel can take on is 2 to the 7th power, 1 28 sets of values in the fitter results storage means are necessary 
and adequate. 

[0046] By these arrangements, the number of filter results to be stored in the filter results storage means can be 
40 reduced to enable savings in storage area as well as to achieve significant reduction in the amount of computation to 
be performed. This permits realization of a high-speed filter process. 

[0047] Preferably, the filter results stored in the filter results storage means are determined based on factors that 
are weighted in accordance to the degrees of contribution to luminance of the three primary colors of R, G, and B. 
[0048] By this arrangement, the process is completed practically by just referencing the storage means to a enable 
45 significant increase in processing speed. Moreover, sub-pixel display, with which the degrees of contribution to lumi- 
nance of the three primary colors R, G, and B, are taken into account, is performed and color irregularities are restricted 
to enable further improvement in the sub-pixel display quality in comparison to the prior art. 
[0049] Preferably, the target sub-pixel is renewed three sub-pixels at a time. 

[0050] With this arrangement, the filtering process is performed in a batch for one pixel at a time and the amount of 
so processing is one third of that required where renewal is performed one sub-pixel at a time. This enables even further 
increases in the processing speed. 

[0051 ] Preferably, the values stored in the filter results storage means are values with which at least one of either a 
foreground color or a background color is blended. 

[0052] By this arrangement, the case where at least one of either the foreground color or background color is dis- 
ss played in color is accommodated for. 

[0053] According to a further aspect of this invention there is a method of performing display with a display device, 
in which three light-emitting elements, which respectively emit light of the three primary colors of R, G, and B, are 
aligned in a fixed order in a first direction to form one pixel. A plurality of such pixels are aligned in the first direction 
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to form one line. A plurality of such lines are provided in a second direction that is orthogonal to the first direction to 
form a display screen. The display method is comprised of a step of obtaining three-times magnified image data, which 
are formed of sub-pixels and with which a raster image to be displayed currently is magnified by three in the first 
direction, a step of performing a filtering process on the three-times magnified image data based on factors with which 
5 the denominator is a power of 2, and a step of allocating the sub-pixels of the three-times magnified image data that 
have been subject to the filtering process to the three light-emitting elements that form a pixel to thereby make the 
display device perform display. 

[0054] By this arrangement, not only can color irregularities in sub-pixel display be reduced but high-speed compu- 
tation by multiplication and addition of integers and bit shifting is enabled. This arrangement can also be realized readily 
10 in the form of hardware. 

[0055] Another aspect of the invention provides a display method comprised of a step of obtaining three-times mag- 
nified image data, which are formed of sub-pixels and with which a raster image to be displayed currently is magnified 
by three in the first direction in which the light-emitting elements of R, G, and B are aligned, a step of subjecting the 
three-times magnified image data to a filtering process in the first direction, a step of subjecting the three-times mag- 
's nified data that have been subject to the filtering process to an anti-aliasing process in just the second direction, and 
a step of allocating the sub-pixels of the three-times magnified image data that have been subject to the anti-aliasing 
process to the three light-emitting elements that form a pixel to thereby make the display device perform display. 
[0056] By this arrangement, blurring is lessened and jaggedness is reduced to provide good visibility. 
[0057] Preferably, the filtering process is based on factors that are weighed in accordance to the degrees of contri- 
ve bution to luminance of the three primary colors of R, G, and B. 

[0058] By this arrangement, sub-pixel display, in which the degrees of contribution to luminance of the three primary 
colors of R, G, and B are taken into account, is performed and color Irregularities are reduced to improve the quality 
of sub-pixel display in comparison to the prior art. 
[0059] Preferably, the filtering process is performed in one stage. 
25 [0060] Since this arrangement takes into account the degrees of contribution to luminance of the three primary colors 
R, G, and B, color irregularities are restricted adequately even by a single-stage filtering process, and moreover, the 
processing speed is improved by a simple process. 

[0061] In other embodiments, the filtering process is performed in two stages. 

[0062] With this arrangement, the degrees of contribution to luminance of the three primary colors R, G, and B, are 
30 taken into account over two stages to enable a fine-tuned filtering process to be performed. Color irregularities can 

thus be restricted further to enable further improvement of the display quality. 

[0063] Preferably, at least part of the factors are set so that R: G : B = 3 : 6 : 1 . 

[0064] By this arrangement, luminance adjustment that matches the actual circumstances is performed. 

[0065] In preferred embodiments, the filtering process is performed on a total of three sub-pixeis centered about a 
35 target sub-pixel. 

[0066] With this arrangement, since the degrees of contribution to luminance of the three primary colors R, G, and 
B, are taken into account, color irregularities are restricted adequately even by a filtering process performed on a total 
of three sub-pixels, and moreover, the processing speed is improved by a simple process. 
[0067] In other preferred embodiments, the filtering process is performed on a total of five sub-pixels centered about 
40 a target sub-pixel. 

[0068] With this arrangement, since the degrees of contribution to luminance of the three primary colors R, G, and 
B, are taken into account across a wide range and a fine-tuned filtering process are performed, color irregularities are 
restricted further to enable further improvement of the display quality. 

[0069] Various embodiments of the invention will now be more particularly described, by way of example, with ref- 
45 erence to the accompanying drawings, in which: 

Fig. 1 is a block diagram of a display equipment of first and second embodiments of this invention; 
Fig. 2 is a flowchart for the display equipment of the first embodiment of this invention; 
Fig. 3 is a flowchart for the display equipment of the second embodiment of this invention; 
so Figs. 4(a), (b), and (c) are explanatory diagrams concerning the factors used in the first and second embodiments 
of this invention; 

Figs. 5(a), (b), and (c) are explanatory diagrams concerning the factors used in the first and second embodiments 
of this invention; 

Figs. 6(a), (b), and (c) are explanatory diagrams concerning the factors used in the first and second embodiments 
55 of this invention; 

Figs. 7(a), (b), and (c) are explanatory diagrams concerning the factors used in the first and second embodiments 
of this invention; 

Fig. 8 is a block diagram of a display equipment of a third embodiment of this invention; 
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Fig. 9(a) is an explanatory diagram of a table in the third embodiment of this invention; 
Figs. 9(b), (c), (d), and (e) are example diagrams of the table in the third embodiment of this invention; 
Fig. 10(a) is an explanatory diagram of a table in the third embodiment of this invention; 
Figs. 10(b) and (c) are example diagrams of the table in the third embodiment of this invention; 
5 Fig. 11 is a flowchart of the display method of the third embodiment of this invention; 

Fig. 12 is an explanatory diagram concerning the filtering process in a fourth embodiment (first example) of this 
invention; 

Fig. 13 is an explanatory diagram concerning the filtering process in a fourth embodiment (second example) of 
this invention; 

10 Fig. 1 4 is a flowchart of the display method of the fourth embodiment of this invention; 

Fig. 15 is an explanatory diagram concerning the color blending process in a fifth embodiment of this invention; 

Fig. 16 is a flowchart of the display equipment of the sixth embodiment of this invention; 

Fig. 17 is an explanatory diagram concerning the filter factors of the sixth embodiment of this invention; 

Fig. 18 is an explanatory diagram concerning the filter factors of a modification of the sixth embodiment of this 
is invention; 

Fig. 19 is an explanatory diagram concerning the filter factors of a modification of the sixth embodiment of this 
invention; 

Fig. 20 is a block diagram of the display equipment of a seventh embodiment of this invention; 

Fig. 21 is a flowchart for the display equipment of the seventh embodiment of this invention; 
20 Rgs. 22(a) and (b) are example diagrams of displays by the prior art; 

Fig. 22(c) is an example diagram of a display by the seventh embodiment of the present invention; 

Fig. 23 is a schematic diagram of one line of the prior art; 

Fig. 24 is an example diagram of an original image of the prior art; 

Fig. 25 is an example diagram of a three-times magnified image of the prior art; 
25 Fig. 26 is an explanatory diagram concerning the color determination process of the prior art; 

Fig. 27(a) is an explanatory diagram concerning the filtering process factors of the prior art; 

Fig. 27(b) is an example diagram of the filtering process results of the prior art. 

Fig. 28 is an explanatory diagram concerning the filtering process factors of the prior art; 

30 [0070] Referring to Fig. 1 , a display information input means 1 of the first and second embodiments of the invention 
inputs display information. A display image is stored in a display image storage means 7, which may be, for example, 
a VRAM. A display control means 2 controls the various elements of Fig. 1 to enable a display device 3 to perform 
display based on a display image; which is stored in the display image storage means 7 for sub-pixel precision display. 
[0071] In the display device 3, three light-emitting elements, which respectively emit light of the three primary colors 

35 of Red, Green, and Blue, are aligned in a fixed order in a first direction to form one pixel. A plurality of such pixels are 
aligned in the first direction to form one line. A plurality of such lines are aligned in a second direction, which is orthogonal 
to the first direction, to form the display screen. To be more specific, the display device 3 may be formed of a color 
LCD or color plasma display, etc., and includes a suitable driver (not shown) which drives the respective elements of 
the color LCD or color plasma display, etc. 

40 [0072] A three-times magnified image data storage means 4 stores a three-times magnified image (sub-pixel image 
corresponding to the three light-emitting elements for R, G, and B) corresponding to the display information input from 
the display information input means 1 . 

[0073] A filtering process means 5 performs a filtering process on the three-times magnified image stored in the 
three-times magnified image data storage means 4 and stores the resulting processed image in the display Image 
45 storage means 7. 

[0074] In the first embodiment, shown in Fig. 2, the filtering process means 5 performs the filtering process using 
factors that take into account the degrees of contribution to luminance of the respective light-emitting elements for R, 
G, and B. On the contrary, in the second embodiment shown in Figure 3, the filtering process is performed using factors 
that ignore the degrees of contribution to luminance. 
so [0075] A description on the factors used in the filtering process of the first embodiment and the correction process 
of the second embodiment are described with reference to Figs. 4(a)-(c) to 7(a)-(c). 

[0076] The factors for a filtering process with a single stage are shown in Fig. 4. Here, for one pixel formed of the 
three light-emitting elements (sub-pixels) of R, G, and B, the degrees of contribution to luminance are such that R : G : 
B = 3:6:1. 

55 [0077] If, as shown in Fig. 4(a), the target sub-pixel is an R sub-pixel, since the sub-pixel to its left is a B sub-pixel 
and the sub-pixel to the right is a G sub-pixel, energy collection is performed so that, for example, a factor of 1/10 is 
allocated to the B sub-pixel from the left (one sub-pixel prior to the target sub-pixel, n - 1 ), 3/1 0 is allocated from the 
R sub-pixel, which is the target sub-pixel, and 6/10 is allocated from the G sub-pixel to the right (one sub-pixel after 
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the target sub-pixel, n + 1 ). 

[0078] Thus if the respective pixel values V are expressed using a suffix, the value V(n) after the degrees of contri- 
bution to luminance are taken into account is such that V(n) = (1/10) x + (3/10) x V n + (6/10) x V^. 
[0079] Likewise, the filtering process when the target sub-pixel is a G sub-pixel is shown in Fig. 4(b). The filtering 
5 process when the target sub-pixel is a B sub-pixel is shown in Fig. 4(c). 

[0080] As is clear from Figs. 4(a)-(c), if just the factors of the first stage are used, the factors are applied to a total 
of three sub-pixels centered about the target sub-pixel. 

[0081 ] The factors for a two-stage filtering process are now described with reference to Figs. 5(a)-(c). The first part 
of the two-stage process is exactly the same as that shown in Figs. 4(a)-(c). When the target sub-pixel is R, since the 

10 order of sub-pixels in the stage below the B sub-pixel that branches from the target sub-pixel is GBR as shown in Fig. 
5(a), energy collection is performed by allocating factors of 6/10, 1/10, and 3/10 in that order from the left side. 
[0082] Likewise, since the order of sub-pixels in the stage below the R sub-pixel that branches from the target sub- 
pixel is BRG, energy collection is performed by allocating factors of 1/10, 3/1 0, and 6/1 0 in that order from the left side. 
Also, for the G sub-pixel that branches from the target sub-pixel, since the order of sub-pixels in the stage below is 

*5 RGB, energy collection is performed by allocating factors of 3/10, 6/1 0, and 1/10 in that order from the left side. 

[0083] As a result, the hierarchy shown in Fig. 5(a) is formed. With regard to the R sub-pixel (target sub-pixel, n) at 
the center of Fig. 5(a), there are three pathways, passing through the B, R, and G sub-pixels, respectively, of the upper 
stage that lead to this target sub-pixel. The factor for the value Vn of the target sub-pixel will thus be (1/10) x (3/10) + 
(3/1 0) x (3/1 0) + (6/1 0) x (3/1 0) = 30/1 00. 

20 [0084] The factor for the other sub-pixels for the lowermost stage are determined in like manner so that the value V 
(n) after the degrees of contribution to luminance are taken into account is V(n) = (6/100) x + (4/100) x V n . 1 + 
(30/1 00) x V n + (54/1 00) x + (6/1 00) x V^. 

[0085] Likewise, the filtering process when the target sub-pixel is a G sub-pixel is shown in Fig. 5(b). The filtering 
process when the target sub-pixel is a B sub-pixel is shown in Fig. 5(c). 
25 [0086] As is clear from Fig. 5, when factors of two stages are used, the factors are applied to a total of five sub-pixels 
centered about the target sub-pixel. 

[0087] As examples of modifications of the above, those shown in Fig. 6 (a) -(c) (where equal factors of (1/3) are 
allocated to the second stage) and in Fig. 7(a)-(c) (where equal factors of (1/3) are allocated to the first stage) is given. 
Even when equal allocation is performed on a part of the stages as in these examples, if factors that reflect the degrees 
30 of contribution to luminance are used in the other stages, this is adequate for practical purposes in many cases. This 
invention also includes cases where the above is applied to three or more stages. 

[0088] Also, instead of using factors such that R : G : B = 3 : 6 : 1 as in the above-described case, the characteristics 
of the display device may be measured and factors may be set based on the measured values. The characteristics 
unique to a display device can thereby be taken into account in the filtering process to achieve further improvement 
35 of the display quality. 

[0089] Based on the above description, the flow of the display method of the first embodiment of this invention is 
now described with reference to Fig. 2. First, in step 1 , the display information is input to the display information input 
means 1 . 

[0090] The three-times magnified image, that is to say, the sub-pixel image corresponding to the input display infor- 
40 mation is then taken from the three-times magnified image data storage means 4 (step 2). This image is typically raster 
font data. 

[0091] Next in step 3, the display control means 2 initializes the target sub-pixel in the acquired three-times magnified 
image to the initial position at the upper left of the image. In step 4, the filtering process means 5 performs the filtering 
process on the target sub-pixel using factors that take into account the degrees of contribution to luminance of the R, 
45 g and B sub-pixels. Here, the factors of any of Figs. 4(a)-(c) to 7(a)-(c) may be used as the filtering process factors. 
[0092] After completion of the filtering process, the filtering process means 5 returns the processed image data to 
the display control means 2. The display control means 2 stores the received data in the display image storage means 
7 (step 5). 

[0093] The display control means 2 repeats the processes from step 4 to step 5 while renewing the target sub-pixel 
so (step 7) until the process is completed for all target sub-pixels (step 6). 

[0094] When these repeated processes are completed, the display control means 2 allocates, on the basis of the 
display image stored in the display image storage means 7, the three-times magnified pattern to the three light emitting 
elements that form one pixel of the display device 3 and enables the display device 3 to display the image at the sub- 
pixel precision (step 8). 

55 [0095] Then if the display Is not completed (step 9), the display control means 2 returns the process to step 1 . 

[0096] The flow of the display method of the second embodiment of this invention is now described with reference 

to Fig. 3. First, in step 11 , the display information is input to the display information input means 1 . 

[0097] The three-times magnified image (sub-pixel image) corresponding to the input display information is then 
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taken from the three-times magnified image data storage means 4 (step 12). 

[0098] Next in step 1 3, the display control means 2 initializes the target sub-pixel in the acquired three-times magnified 
image to the initial position at the upper left of the image. In step 14, the filtering process means 5 performs the filtering 
process on the target sub-pixel using factors that ignore the degrees of contribution to luminance. 
s [0099] After completion of the filtering process, the filtering process means 5 returns the processed image data to 
the display control means 2. The display control means 2 stores the received data in the display image storage means 
7 (step 15). 

[0100] The display control means 2 repeats the processes from step 14 to step 15 while renewing the target sub- 
pixel (step 17) until the process is completed for all target sub-pixels (step 16). 
10 [0101] When these repeated processes are completed, the display control means 2 enables a correction means 6 
to perform correction on the three-times magnified image in the display image storage means 7 (step 1 8). The correction 
means 6 performs a filtering process on all sub-pixels using factors that take into account the degrees of contribution 
to luminance (the factors of any of Figs. 4(a)-(c) to 7(a)-(c)). 

[0102] When the correction process is completed, the display control means 2 allocates, on the basis of the display 
is image stored in the display image storage means 7, the three-times magnified pattern to the three light emitting ele- 
ments that form one pixel of the display device 3 and enables the display device 3 to display the image at the sub- 
pixel precision (step 19). 

[01 03] Then if the display has not been completed (step 20), the display control means 2 returns the process to step 1 . 
[01 04] The above-described first and second embodiments provide the following effect. That is, since sub-pixel dis- 

20 play is performed while distributing energy in accordance with the degrees of contribution to luminance of the three 
primary colors of R, G, and B, sub-pixel display is performed with few color irregularities and at high quality. 
[0105] The third embodiment is now described with reference to Figs. 8 to 1 1 . The filtering process and the correction 
process in the above-described first and second embodiments were carried out by calculation and, since repeated 
calculations are performed frequently in these embodiments, the computation cost is significant in terms of system 

25 resource requirements and cannot be ignored. 

[0106] Thus in the third embodiment, in place of a computation process, a process equivalent to a computation 
process is realized by referencing data in a storage means in which the processing results are stored in advance. In 
this way, the computation cost is reduced significantly and thereby the processing time is also reduced. Also, although 
a binary raster image typically is displayed by the present embodiment, a gray scale image that has been binarized 

30 using a suitable threshold value can also be displayed. 

[0107] Fig. 8 is a block diagram of a display equipment of the third embodiment of this invention. Components that 
are the same as those of Fig. 1 are provided with the same symbols and descriptions thereof are omitted. 
[0108] As mentioned above, a filtering process means 8 of this embodiment does not perform a filtering process or 
the computation performed by the correction means 6 of Fig. 1 . 

35 [0109] Instead, the filter results storage means 9 stores the results of the computation prior to input of the display 
information. 

[01 1 0] After input of the display information , the filtering process means 8 generates addresses based on the on/off 
conditions of each of a total of n sub-pixels of the data in the three-times magnified image data storage means 4, which 
are aligned along the first direction and centered about a target sub-pixel (here, the case where n = 3 or n = 5 is taken 
40 up). The filtering process means references the filter results storage means 9 to obtain the corresponding processing 
results. 

[0111] First, the case where n = 5 is described with reference to Fig. 9(a)-(e). As shown in Fig. 9(a), the filtering 
process means 8 determines the target sub-pixel in the raster image (of sub-pixel precision) stored in the three-times 
magnified image data storage means 4. The on/off information (bit string) of a total of five sub-pixels, which are aligned 
45 in the first direction and are centered about the target sub-pixel, are then acquired. In the present embodiment, on is 
expressed by "1" (by black in the Figure) and off is expressed by "0" (by white in the Figure). This method of expression 
may be changed as suited. 

[0112] Upon acquisition of the bit string for the five sub-pixels centered about the target sub-pixel, the value (binary 
numeral) thereof immediately becomes the address. Here, in the condition shown in Fig. 9(a), the address, "00110", 
so is generated. 

[01 13] An offset address may be set as suited for implementation. For simplicity, the offset address is zero (no offset 
address) in the description below. 

[01 14] As described above, the formula used for processing differs between the case where the degrees of contri- 
bution to luminance are to be taken into account and the case where the degrees of contribution to luminance are not 
55 to be taken into account. Obviously, the degrees of contribution to luminance are preferably taken into account in order 
to obtain the benefit of improving the display quality. 

[0115] As has been indicated in the descriptions concerning Figs, 5(a)-(c) to 7(a)-(c), where the degrees of contri- 
bution to luminance are to be taken into account, the formula differs according to which of the R, G, and B light-emitting 
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elements the target sub-pixel corresponds to. Thus in this case, the filtering process means 8 checks which of the light- 
emitting elements the target sub-pixel is. As shown at the right side of Fig. 9(a), the processing results for the respective 
light-emitting elements for R, G, and B are stored for the 32 addresses from "00000" to "11111" in the filter results 
storage means 9. Here, although the filter results storage means 9 is typically formed of a memory, and as is illustrated, 
5 the data are prepared in the form of a table, a list or other storage form may be prepared instead as long as high-speed 
access is ensured. 

[01 16] If the degrees of contribution to luminance are not to be taken into account, since as shown in Fig. 24, there 
is only one formula regardless of which of the R, G, and B light-emitting elements the target sub-pixel corresponds to, 
the filtering process means 8 may be arranged to obtain the processing result just from the address obtained from the 
w abovementioned five sub-pixels. However, as in the second embodiment, in the case where the degrees of contribution 
to luminance are not to be taken into account, a separate correction process is preferably performed in order to improve 
the display quality. 

[01 17] Tne details of the filtering process means 8 are now described more specifically with reference to Figs. 9(b) 
to (e). The numerical values in the following description are merely representative examples and may be changed in 
15 various ways. 

[0118] First, when as shown in Fig. 24, the degrees of contribution to luminance are not to be taken into account, 
just a single processing result is stored in each of the addresses "00000" to "111 11 " as shown in Fig. 9(b). 
[01 19] When the degrees of contribution to luminance are to be taken into account, three processing results (corre- 
sponding to the cases where the target sub-pixel is R, G, or B) are stored in each of the addresses "00000" to "11111" 
20 as shown in Fig. 9(c) to 9(e). Fig. 9(c) shows the relationship of Fig. 5 in the form of a table. Fig. 9(d) corresponds to 
Fig. 6. Fig. 9(e) corresponds to Fig. 7. 

[0120] The case where n = 3 is now described with reference to Fig. 10(a)-(c). As shown in Fig. 10(a), the filtering 
process means 8 determines the target sub-pixel in the raster image (of sub-pixel precision) stored in the three-times 
magnified image data storage means 4. The on/off information (bit string) of a total of three sub-pixels, which are 
25 aligned in the first direction and are centered about the target sub-pixel, are then acquired. In the present embodiment, 
on is expressed by "1" (by black in the Figure) and off is expressed by "0" (by white in the Figure). This method of 
expression may be changed as suited. 

[01 21 ] Upon acquisition of the bit string for the three sub-pixels centered about the target sub-pixel, the value (binary 
numeral) thereof immediately becomes the address. Here, in the condition shown in Fig. 10(a), the address, "010", is 
30 generated. 

[0122] As has been described above, the formula used for processing differs between the case where the degrees 
of contribution to luminance are to be taken into account and the case where the degrees of contribution to luminance 
are not to be taken into account. Obviously, the degrees of contribution to luminance are preferably taken into account 
in terms of improving the display quality. 

35 [0123] As has been indicated in the descriptions concerning Figs. 5(a)-(c) to 7(a)-(c), when the degrees of contribution 
to luminance are to be taken into account, the formula differs according to which of the R, G, and B light-emitting 
elements the target sub-pixel corresponds. Thus in this case, the filtering process means 8 checks which of the light- 
emitting elements the target sub-pixel is. As shown at the right side of Fig. 1 0(a), the processing results for the respective 
light-emitting elements for R, G, and B are stored for the 8 addresses from "000" to "111" in the filter results storage 

40 means 9. 

[01 24] If the degrees of contribution to luminance are not to be taken into account, as shown in Fig. 24, there is only 
one formula regardless of which of the R, G, and B light-emitting elements the target sub-pixel corresponds to. In that 
case, the filtering process means 8 obtains the processing result from just the address obtained from the abovemen- 
tioned five sub-pixels. However, as in the second embodiment, where the degrees of contribution to luminance are not 
45 to be taken into account, a separate correction process is preferably performed in order to improve the display quality. 
[0125] The details of the filtering process means 8 is now described more specifically with reference to Figs. 1 0(b) 
to (c). The numerical values in the following description are merely representative examples and may be changed in 
various ways. 

[0126] First, when as shown in Fig. 24, the degrees of contribution to luminance are not to be taken into account, 
so just a single processing result is stored in each of the addresses "000" to "11 1 " as shown in Fig. 1 0(b). 

[0127] When the degrees of contribution to luminance are to be taken into account, three processing results (corre- 
sponding to the cases where the target sub-pixel is R, G, or B) are stored in each of the addresses "000" to "111" as 
shown in Figs. 10(c). Fig. 10(c) shows the relationship of Fig. 4(a)-(c) in the form of a table. 
[0128] A flow chart of the display method of this embodiment is now described with reference to Fig. 11 . First, in 
55 steps 21 to 23, the same processes as those of steps 1 to 3 of Fig. 1 are performed. 

[0129] Next in step 24, the filtering process means 8 acquires the bit string for the total of n (n = 3 or 5) sub-pixels 
centered about the target sub-pixel from the three-times magnified image data storage means 4 and uses this bit string 
as an address. 
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[0130] Then in step 25, the above-described table in the filter results storage means 9 is referenced to obtain the 
processing result of the address. In the case where the degrees of contribution to luminance are to be taken into 
account, the filtering process means 8 also examines to which of R, G, and B the target sub-pixel corresponds. 
[0131] Then in steps 26 to 30, the same processes as those of steps 5 to 9 of Fig. 1 are performed. 
5 [0132] By the above description it can be understood that processes equivalent to that of the first and second em- 
bodiments Is realized by the referencing the data stored in the filter results storage means 9. Moreover in this case, 
the computation amount is reduced significantly and the process is performed faster than the first and the second 
embodiments. 

[01 33] A fourth embodiment of the invention is now described with reference to Figs. 1 2 to 1 4. The fourth embodiment 
10 further develops the above mentioned third embodiment and the processes are performed at even higher speeds. The 
components of the fourth embodiment are the same as those of the third embodiment and illustration of these com- 
ponents is omitted. 

[0134] In comparison to the third embodiment, the fourth embodiment differs in the process performed by the filtering 

process means 8 and in the stored contents of the filter results storage means 9. Also, although in the descriptions up 
15 to that of the third embodiment, the object processed was renewed one sub-pixel at a time, the fourth embodiment 

renews the object processed one pixel at a time. In other words, the fourth embodiment renews three sub-pixels at a 

time, these differences are now described by way of a first example and a second example. 

[0135] In the first example, the filtering process means 8 references the filter results storage means 9 and performs 

the processes shown in Fig. 12. 
20 [0136] Suppose that at a certain point in time, the target pixel (three sub-pixels are handled together as one) is at 

the position of the arrow in Fig. 12. In Fig. 12, a single character, such as a, b, c, d,..., represents the image data of 

each corresponding sub-pixel. 

[0137] In the present case, the image data of the target pixel in the three-times magnified image storage means 4 
are M deF, the image data of the target pixel one step prior to the image data, "def", are n abc, the image data of the 

25 target pixel one step subsequent are M ghi u , and the image data H jk ..." follow thereafter. 

[0138] In the first example, the image data, "deP, of the current target pixel, the image data "be" of the two prior sub- 
pixels, and the image data, "gh" of the two subsequent sub-pixels are used. That is, the image data of a total of seven 
sub-pixels, which are centered about the target pixel and aligned in the first direction, are used. 
[0139] The filtering process means 8 takes the image data, "bedefgh" of these seven sub-pixels and converts each 

30 of the data to a bit value of "0" or "1 ". 

[0140] To be more detailed, when the three-times magnified image data is of a binary image, sjneethe data, "bedefgh", 
is a bit string of "0" or "V from the beginning, the filtering process means 8 uses the image data of the respective sub- 
pixels as they are or upon bit inversion. 

[01 41 ] If the three-times magnified image data are of a multi-valued image, the filtering process means 8 generates 
35 a binary bit string from the multi-valued image using a previously set threshold value. 

[0142] In either case, a 7-digit binary bit string is generated. The filtering process means 8 then uses this bit string 
as a 7-bit address in a manner similar to the third embodiment. 

[0143] In order to handle this bit string, in the first example, a table in which RGB values are set in correspondence 
with the 7-bit addresses is prepared as shown in Fig: 12. This table is stored in the filter results storage means 9. Here, 

40 jf 7-bit addresses are used, 128 combinations of RGB values will suffice. 

[0144] In other words, by generating a 7-bit bit string centered about the target pixel and using this bit string as an 
address to reference the table of the filter results storage means 9, the filtering process means 8 can immediately 
obtain the RGB value, "RGB", of the target pixel. The filtering process means 8 then writes this RGB value, "RGB", 
into an appropriate area of the display image storage means 7. 

45 [0145] When this writing is completed, the filtering process means 8 renews the target pixel by one pixel (three sub- 
pixels). That is, in the condition shown in Fig. 12, the target pixel is shifted by just three sub-pixels as indicated by the 
horizontal arrow in Fig. 12, and for this next target pixel, the next RGB value, "R'G'B"', is written into an area corre- 
sponding to the next pixel based on the image data, "efghijk". 

[0146] By this arrangement, the filter process is performed all at once for a unit of one pixel (three sub-pixels) to 
so enable reduction of the times of address referencing and table search and thereby enable processing at even higher 
speed. 

[0147] In the second example, the filtering process means 8 references the filter results storage means 9 and per- 
forms the processes shown in Fig. 13. 

[0148] Suppose that at a certain point in time, the target pixel (three sub-pixels are handled together as one) is at 

55 the position of the arrow in Fig. 13. In Fig. 13, a single character, such as a, b, c, d represents the image data of 

each corresponding sub-pixel. 

[0149] In the present case, the image data of the target pixel in the three-times magnified image storage means 4 
are "deP, the image data of the target pixel one step prior to the image data, n deP, are "abc, the image data of the 
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target pixel one step subsequent are "ghi", and the image data "jk ..." follow thereafter 

[0150] Although, in the first example, the image data of two sub-pixels prior to and two sub-pixels subsequent the 
image data of the target pixel were used, in the second example, the image data, "def, of the current target pixel, the 
image data "c" of the prior sub-pixel, and the image data, *g" of the subsequent pixel are used. That is, the image data 
5 of a total of five sub-pixels, which are centered about the target pixel and aligned in the first direction, are used. 
[0151] The filtering process means 8 takes out the image data, "cdefg" of these five sub-pixels and converts each 
of the data to a bit value of "0° or T. 

[0152] To be more detailed, when the three-times magnified image data are of a binary image, since the data, "cdefg", 
is a bit string of "0" or "1 0 from the beginning, the filtering process means 8 uses the image data of the respective sub- 

io pixels as they are or upon bit inversion. 

[0153] Meanwhile, if the three-times magnified image data are of a multi-valued image, the filtering process means 
8 generates a binary bit string from the multi-valued image using a previously set threshold value. 
[0154] In either case, a 5-digit binary bit string is generated. The filtering process means 8 then uses this bit string 
as a 5-bit address in a manner similar to the third embodiment. 

15 [0155] In order to handle this bit string, in the second example, a table in which RGB values are set in correspondence 
to the 5-bit addresses is prepared as shown in Fig. 13, and this table is stored in the filter results storage means 9. 
[0156] In other words, by generating a 5-bit bit string centered about the target pixel and using this bit string as an 
address to reference the table of the fitter results storage means 9, the filtering process means 8 immediately obtains 
the RGB value, "RGB", of the target pixel. The filtering process means 8 then writes this RGB value, "RGB", into an 

20 appropriate area of the display image storage means 7. 

[0157] When this writing is completed, the filtering process means 8 renews the target pixel by one pixel (three sub- 
pixels). That is, in the condition shown in Fig. 1 3, the target pixel is shifted by just three sub-pixels as indicated by the 
horizontal arrow in Fig. 13. For this next target pixel, the next RGB value, "R'G'B"', is written into an area corresponding 
to the next pixel based on the image data, "fghij". 

25 [01 58] By this arrangement, the filter process is performed all at once for a unit of one pixel (three sub-pixels) as in 
the first example to enable reduction of the times of address referencing and table search and thereby enable process- 
ing of even higher speed to be realized. Also, in this case where a 5-bit address is used, there are 32 combinations of 
RGB values and a table size that is smaller than that of the first example is sufficient. 

[0159] The respective processes of the display method of the fourth embodiment (i.e. both the "first example" and 
30 the "second example") are now described with reference to Fig. 14. First in steps 31 to 32, the same processes as 
those of steps 1 to 3 of Fig. 1 are performed. 

[0160] However, since the object to be processed is renewed in units of one pixel (three sub-pixels) as has been 
mentioned above, the target position is initialized in pixel units (step 33). 

[0161] Next in step 34, the filtering process means 8 acquires a bit string corresponding to a total of n (n = 7 or 5) 
35 sub-pixels, centered about the target pixel, from the three-times magnified image data storage means 4 and uses this 
bit string as an address. 

[0162] Then in step 35, the above-described table in the filter results storage means 9 is referenced and the process- 
ing result of the address is obtained. 

[0163] Then in steps 36 to 40, the same processes as those of steps 5 to 9 of Fig. 2 are performed. However in this 
40 embodiment, since the object to be processed is shifted by one pixel (three sub-pixels) in steps 37 to 38, the target 
position is renewed in pixel units. 

[01 64] The fifth embodiment of this invention will now be described with reference to Fig. 1 5. With the fifth embodi- 
ment, the fourth embodiment is developed further to accommodate color display. 

[01 65] With the fourth embodiment (both the "first example" and the "second example"), the filtering process means 
45 8 obtains the RGB value, "RGB", of the target pixel just by the referencing of a table as has been described using Figs. 
12 and 13. 

[0166] With the fifth embodiment, the filtering process means 8 performs, in addition to the processes of the fourth 
embodiment, a process of blending the background color or the foreground color by the formulae (1) to (3) shown 
below on the RGB value, "RGB", to obtain the RGB value, "R#G#B#", of the target pixel to accommodate for color 
so display. 

R#=RxRf + (1-R)xRb (1) 
G# = GxGf + (1-G)xGb (2) 
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B# = BxBf + (1-B)xBb (3) 

[0167] In formulae (1) to (3), (Rf, Gf, Bf) indicates the foreground color and (Rb, Gb, Bb) indicates the background 
5 color. 

[01 68] Obviously, formulae (1 ) to (3) represent a favorable example, and this invention is not limited to these formulae. 
For example, various changes, such as providing each color component with a suitable weight, or handling just one 
of either the foreground color or the background color, etc., may be made. 

[01 69] By performing a color blending process as described above, sub-pixel display that accommodates color dis- 
10 play is realized. 

[0170] Though in the above description, the information supply source, from which the filtering process means 8 
obtains the information on one or both of the foreground color and background color, is typically the display information 
input means 1 , the information supply source is not limited thereto and may be selected arbitrarily. 
[0171] The components of a sixth embodiment of the invention are the same as those of Fig. 1 , which concerns the 

is first embodiment. However, the correction means 6 may be omitted. 

[01 72] Also, the filtering process means 5 performs a filtering process on the three-times magnified image stored in 
the three-times magnified image data storage means 4 and stores the image obtained as a processing result in the 
display image storage means 7. With the sixth embodiment, the filtering process means 5 performs a filtering process 
using factors with which the denominator is a power of 2. 

20 [0173] A specific example of these factors is now described with reference to Fig. 1 7. In the example of Fig. 1 7, in 
the first stage, energy corresponding to a factor 6/1 6 is allocated to the central sub-pixel and energy corresponding to 
a factor of 5/16 is allocated to the sub-pixels to the left and right of the central pixel. 

[0174] Likewise in the second stage, energy corresponding to a factor of 6/16 is allocated to the central sub-pixel 
and energy corresponding to a factor of 5/1 6 is allocated to each of the sub-pixels to the left and right of the central pixel. 
25 [01 75] Since the target sub-pixel can thus be reached from the first stage via a total of three paths at the center, left, 
and right sides of the second stage, the synthetic factor of the target sub-pixel (obtained by adding together the factors 
of the first stage and the second stage) is 86/256. 

[0176] Also, since a sub-pixel adjacent the target sub-pixel is reached via two paths, the synthetic factor for this sub- 
pixel is 60/256. 

30 [0177] Furthermore, since a next adjacent sub-pixel can only be reached via a single path, the synthetic factor for 
this sub-pixel is 25/256. 

The value V(n) after the filtering process is thus: 

3s V(n) = (25/256) x + (60/256) x V n . 1 + (86/256) x V n + 

(60/256) x V r>+1 + (25/256) x 
= (25 x + 60 x V n . 1 + 86 x V n + 60 X + 25 x V^J/256 

40 

[0178] Since shifting by 8 bits in digital arithmetic performs multiplication by 1/256, the numerator: 
(25 x V n . 2 + 60 x V,, + 86 x V n + 60 x V n+1 + 25 x V n+2) 

45 

is determined by integer multiplication and addition. Then the numerator is divided by 256 by the very rapid process 
of bit shifting by 8 bits. 

[01 79] Since ali operations can thus be performed as integer operations, the operations is performed at high speed 
and is readily incorporated in hardware. 
so [01 80] These factors can be modif ied in various ways as long as the denominator remains a power of 2. For example, 
- the factors may be set so that the denominator is 64 (6-bit shifting) as shown in Fig. 1 8 or the factors may be set so 
that the denominator is 128 (7-bit shifting) as shown in Fig. 19, etc. 

[0181] Based on the above description, the flow of the display method of this embodiment is now described with 
reference to Fig. 16. 

55 [01 82] In step 51 , the display information is input to the display information input means 1 . 

[01 83] In step 52, the three-times magnified image (sub-pixel image) corresponding to the input display information 
is received from the three-times magnified image data storage means 4. This image is typically a raster font data. 
[0184] In step 53, the display control means 2 initializes the target sub-pixel in the acquired three-times magnified 
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image to the initial position at the upper left of the image, and in step 54, the filtering process means 5 performs the 
filtering process on the target sub-pixel using factors in which the denominator is a power of 2. Here, the factors of any 
of Figs. 1 7 to 1 9 may be used as the filtering process factors. 

[0165] After completion of the filtering process, the filtering process means 5 returns the processed image data to 
5 the display control means 2. The display control means 2 stores the received data in the display image storage means 
7 (step 55). 

[0186] The display control means 2 repeats the processes from step 54 to step 55 while renewing the target sub- 
pixel (step 57) until the process is completed for all target sub-pixels (step 56). 

[0187] When these repeated processes are completed, the display control means 2 allocates, on the basis of the 
10 display image stored in the display image storage means 7, the three-times magnified pattern to the three light emitting 
elements that form one pixel of the display device 3 and enables the display device 3 to display the image at the sub- 
pixel display level (step 58). 

[0188] Then if the display is not completed (step 59), the display control means 2 returns the process to step 51 . 
[0189] The sixth embodiment of the invention provides the following effects. 
15 [01 90] Since sub-pixel rendering is performed by performing a filtering process using factors in which the denominator 
is always a power of 2, not only can color irregularities be limited but high-speed processing is realized by integer 
computation and bit shifting. Moreover, since the method is easily realized in hardware, it is extremely advantageous 
for incorporation in an LSI, etc. 

[0191 ] Components of a seventh embodiment of the invention are as shown in Fig. 20. This embodiment differs from 
20 the first embodiment shown in Fig. 1 in that an anti-aliasing process means 10 is included. 

[0192] The anti-aliasing process means 10 performs an anti-aliasing process in only the second direction, which is 
orthogonal to the first direction, on the three-times magnified image stored in the three-times magnified image storage 
means 4 after the processing by the filtering process means 5 has been performed and stores the image obtained as 
a processing result in the display image storage means 7. The anti-aliasing process means 10 does not perform the 
25 anti-aliasing process in the first direction. 

[0193] The flow of the display method of this embodiment is now described with reference to Fig. 21 . First, in step 
61 , the display information are input to the display information Input means 1 . 

[0194] The three-times magnified image (sub-pixel image) corresponding to the input display information is then 
taken from the three-times magnified image data storage means 4 (step 62). This image is typically raster font data. 

30 [0195] Next in step 63, the display control means 2 initializes the target sub-pixel in the acquired three-times magnified 
image to the initial position at the upper left of the image. In step 64, the filtering process means 5 performs the filtering 
process in the first direction on the target sub-pixel using factors that have taken into account the degrees of contribution 
to luminance. Any of the factors of the first embodiment may be used as the filtering process factors. 
[0196] After completion of the filtering process, the filtering process means 5 returns the processed image data to 

35 the display control means 2. The display control means 2 stores the received data in the three-times magnified image 
data storage means 4. 

[0197] The display control means 2 repeats the processes from step 64 to step 66 while renewing the target sub- 
pixel (step 67) until the process is completed for all target sub-pixels (step 66). 

[0198] When these repeated processes are completed, the anti-aliasing process means 1 0 performs, in step 68, an 

40 anti-aliasing process in the second direction on the three-times magnified image data that have been subject to the 
filtering process and stores the processed image data in the display image storage means 7. 
[0199] The display control means 2 then allocates, on the basis of the display image stored in the display image 
storage means 7, the three-times magnified pattern to the three light emitting elements that form one pixel of the display 
device 3 and enables the display device 3 to perform display (at the sub-pixel display level) (step 69). 

45 [0200] Then if the display is not completed (step 70), the display control means 2 returns the process to step 61 . 
[0201] A display example concerning the processing of the character, "A 0 , which is mentioned in the "Related Art" 
section, is now described with reference to Figs. 22(a)-(c). With this example, the image is formed of 12 pixels in the 
vertical direction and 12 pixels (36 sub-pixels in the case of sub-pixel precision) in the horizontal direction. The first 
direction as indicated in this specification is the horizontal direction and the second direction is the vertical direction. 

so it should be understood that though this image is originally a murti-value color image, since the colors had to be reduced 
to the two colors of black and white due to drawing restrictions, the original multi-value color image is increased in 
brightness and is shown as a simulated graduated display formed by the error diffusion method. It is herein added that 
a comparison using the original multi-value color image shows that the display example by the present invention is 
clearly improved in visibility in comparison to the display example by the prior art. 

55 [0202] The image shown in Fig. 22(b) is a result of processing by the sub-pixel technique described in the "Related 
Art" section. A comparison of the image of Fig. 22(b) and the image of Fig. 22(a) (with which an anti-aliasing process 
was simply performed on both the first and second directions) shows that the image of Fig. 22(b) exhibits less jagged- 
ness along the diagonal edges. Also, with the example of Fig. 22(a), since the horizontal bar in the character "A" is 
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blurred, there may be confusion as to whether the character is an "A" or a reverse °V". 
[0203] It can thus be evaluated that Fig. 22(b) is somewhat improved in visibility in comparison to Fig. 22(a). 
[0204] However, a careful look at Fig. 22(a) shows that the top part of the character, "A", is elongated more than 
necessary and the horizontal bar in the character "A* is made abnormally thick by the solid display. 

s [0205] With regard to these points, with Fig. 22(c), which is an image by this invention (that is an image with which, 
after performing the filtering process in the first direction, the anti-aliasing process is performed only in the second 
direction and in which the anti-aliasing process in the first direction was not performed intentionally), the top part of "A" 
is not elongated excessively and the horizontal bar of "A" is not excessively thick. That is, the image of Fig. 22(c) is 
improved in accuracy with respect to the character, M A n . Put in another way, the appearance of the image is improved 

10 in comparison to the images of Figs. 22(a) and 22(b). 

[0206] The following effect is provided by the seventh embodiment. 

[0207] The blurring as well as the jaggedness of the image is reduced even for a narrow display area to provide 
excellent visibility in comparison with the normal sub-pixel display. 

[0208] Having described preferred embodiments of the invention with reference to the accompanying drawings, it is 
15 to be understood that the invention is not limited to those precise embodiments, and that various changes and modi- 
fications may be effected therein by one skilled in the art without departing from the scope or spirit of the invention as 
defined in the appended claims. 



20 Claims 

1 . A display method for displaying an image on a display device, the said method comprising: 

aligning three light-emitting elements, which respectively emit light of three primary colors of R, G, and B, in 
a fixed order in a fixed direction to form one pixel; 
aligning a plurality of pixels in said first direction to form one line; 

aligning a plurality of such lines in a second direction that is orthogonal to said first direction to form a display 
screen; 

obtaining three-times magnified image data; 

said three-times magnified image data being formed of sub-pixels with which a raster image is to be displayed; 
said three-times magnified image data being magnified by a factor of three in said first direction to magnify 
the definition of the iriiage to that of the sub-pixel size; 

performing a filtering process on said three-times magnified image data based on factors that are weighed in 
accordance with the respective contribution to luminance of the said three primary colors of R, G, and B; and 
allocating sub-pixels of said three-times magnified image data that have been subject to said filtering process 
to said three light-emitting elements that form a pixel to thereby enable said display device perform display. 

2. A display method which performs display with a display device, comprising: 

40 aligning three light-emitting elements, which respectively emit light of three primary colors of R, G, and B, in 

a fixed order in a first direction to form one pixel; 
aligning a plurality of pixels in said first direction to form one line; 

aligning a plurality of lines in a second direction that is orthogonal to said first direction to form a display screen; 
obtaining three-times magnified image data; 
45 said three-times magnified image data being formed of sub-pixels and with which a raster image to be displayed 

currently; 

said three-time magnified image data being magnified by three in said first direction; 
performing a filtering process on said three-times magnified image data based on factors that ignore the re- 
spective contribution to luminance of the said three primary colors of R, G, and B; 
50 performing, based on factors that are weighed in accordance to degrees of contribution to luminance of said 

three primary colors of R, G, and B, a correction process on said sub-pixels of said three-times magnified 
image data that have been subject to said filtering process; and 

allocating said sub-pixels of said three-times magnified image data that have been subject to said correction 
process to said three light-emitting elements that form a pixel to thereby enable said display device to perform 
55 display. 

3. A display method as claimed in Claim 1 , further comprising performing said filtering process is one stage. 



30 
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4. A display method as claimed in Claim 1 , further comprising performing said filtering process in two stages. 

5. A display method as claimed in any one of claims 1 ,3 or 4, further comprising setting at least part of said factors 
sothatR:G: B = 3:6: 1. 

5 

6. A display method as claimed in any one of claims 1 , 3 , 4 or 5, further comprising setting at least part of said factors 
based on characteristics of said display device. 

7. A display method as claimed in any one of claims 1 , 3, 4, 5 or 6, further comprising performing said filtering process 
10 on a total of three sub-pixels centered about a target sub-pixel. 

8. A display method as claimed in any one of claims 1 , 3, 4, 5 or 6, further comprising performing said filtering process 
on a total of five sub-pixels centered about a target sub-pixel 

is 9. a display method for displaying an image on a display device, the said method comprising: 

aligning three light-emitting elements, which respectively emit light of three primary colors of R, G, and B, in 
a fixed order in a first direction to form one pixel; 
aligning a plurality of pixels in said first direction to form one line; 

aligning a plurality of lines in a second direction, that is orthogonal to said first direction, to form a display screen; 
storing in advance filter, to prepare stored data, results in accordance with a pattern of values of a total of n 
(where n is a natural number) sub-pixels, which are aligned in said first direction and are centered about a 
target sub-pixel of a three-times magnified image that is input; 

obtaining three-times magnified image data, which are formed of sub-pixels and with which the definition a 
binary raster image to be currently displayed is magnified by three in said first direction; 
executing a filtering process by referencing said stored data; and 

allocating sub-pixels of said three-times magnified image data that have been subject to said filtering process 
to said three light-emitting elements that form a pixel to thereby make said display device perform display, 

30 10. A display method as claimed in Claim 9, wherein n = 3. 

11. A display method as claimed in Claim 9, wherein n = 5. 

12. A display method as claimed in Claim 9, wherein n = 7. 

35 

13. A display method as claimed in Claim 10, wherein said raster image that is input is formed of binary data and the 
step of storing in advance includes storing 8 sets of values. 

14. A display method as claimed in Claim 11 , wherein said raster image that is input is formed of binary data and the 
w step of storing in advance includes storing 32 sets of values. 

15. A display method as claimed in Claim 12, wherein said raster image that is input is formed of binary data and the 
step of storing in advance includes storing 128 sets of values. 

45 16. A display method as claimed in any one of claims 9 to 15, further comprising: 

determining factors for said stored data based on factors that are weighed in accordance with degrees of 
contribution to luminance of said three primary colors of R, G, and B. 

17. A display method as claimed in any one of claims 9 to 16, further comprising renewing said target sub-pixel three 
so sub-pixels at a time. 

18. A display method as claimed in any one of claims 9 to 1 7, wherein values of said stored data include values with 
which at least one of a foreground color and a background color is blended. 

55 19. A display method for displaying an image on a display device, the said method comprising: 

aligning three light-emitting elements, which respectively emit light of three primary colors of R, G, and B, in 
a fixed order in a first direction to form one pixel; 
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aligning a plurality of such pixels in said first direction to form one line; 

aligning a plurality of such lines in a second direction, that is orthogonal to said first direction, to form a display 
screen; 

obtaining three-times magnified image data, which are formed of sub-pixels and with which the definition a 
5 raster image to be displayed is magnified substantially by a factor of three in said first direction; 

performing a filtering process on said three-times magnified image data based on factors having a denominator 
with a power of 2; and 

allocating sub-pixels of said three-times magnified image data that have been subject to said filtering process 
to said three light-emitting elements that form a pixel to thereby enable said display device to perform display. 

10 

20. A display method as claimed in Claim 19, further comprising performing said filtering process in two stages. 

21. A display method as claimed in Claim 19 or Claim 20, further comprising performing said filtering process on a 
total of five sub-pixels centered about a target sub-pixel. 

15 

22. A display method as claimed in any one of claims 19 to 21 , further comprising performing said filtering process by 
integer multiplication and addition and bit shifting. 

23. A display method which performs display with a display device, comprising: 

20 

aligning three light-emitting elements, which respectively emit light of the three primary colors of R, G, and B, 

in a fixed order in a first direction to form one pixel; 

aligning a plurality of such pixels in said first direction to form one line; 

aligning a plurality of such lines in a second direction, that is orthogonal to said first direction, to form a display 
25 screen; 

obtaining three-times magnified image data, which are formed of sub-pixels and in which the definition of a 
raster image to be displayed currently Is magnified by three in said first direction; 
subjecting said three-times magnified image data to a filtering process in said first direction; 
subjecting said three-times magnified data that have been subject to said filtering process to an anti-aliasing 
30 process in just said second direction; and 

allocating said sub-pixels of said three-times magnified image data that have been subject to said anti-aliasing 
process to said three light-emitting elements that form a pixel to thereby enable said display device to perform 
display. 

35 24. A display method as claimed in Claim 23, wherein the step of subjecting said three-times magnified image data 
filtering to a said filtering process includes weighting said data based on factors that are weighed in accordance 
to degrees of contribution to luminance of said three primary colors of R, G, and B. 

25. A display method as claimed in Claim 23 or in Claim 24, wherein the step of subjecting said three-times magnified 
w image data filtering to a said filtering process includes performing said filtering process in one stage. 

26. A display method as claimed in Claim 23 or Claim 24, wherein the step of subjecting said three-times magnified 
image data filtering to a said filtering process includes performing said filtering process in two stages. 

45 27. A display method as claimed in any of claims 23 to 26, further comprising applying at least part of factors defined 
by the ratio R:G:B = 3:6:1. 

28. A display method as claimed in any of claims 23 to 27, wherein the step of subjecting said three-times magnified 
image data to a said filtering process includes performing said filtering process on a total of three sub-pixels cen- 
se tered about a target sub-pixel. 

29. A display method as claimed in any of claim 23 to 27, wherein the step of subjecting said three-times magnified 
image data filtering to a said filtering process includes performing said filtering process on a total of five sub-pixels 
centered about a target sub-pixel. 

55 

30. A method of displaying an image on a display device of the type comprising an array of light emitting elements 
which are arranged in groups of three for respectively emitting light of the three primary colors of Red, Green and 
Blue so that each of the said groups of three elements define a pixel on the display device; the said method 
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comprising the steps of: 

receiving image data defining an image to be displayed on the display device in which the definition of the 
image corresponds to the definition of the display device as defined by the light emitting elements; 
5 filtering the image data for each light emitting element in accordance with the luminance contribution of the 

respective light emitting element and the respective adjacent light emitting elements for the three primary 
colors; and 

allocating respective sub-pixets of the filtered image data to respective pixels on the display device, thereby 
to display the filtered image on the display device. 

10 

31. A method of displaying an image on a display device of the type comprising an array of light emitting elements 
which are arranged in groups of three for respectively emitting light of the three primary colors of Red, Green and 
Blue so that each of the said groups of three elements define a pixel on the display device; the said method 
comprising the steps of: 

receiving image data defining an image to be displayed on the display device in which the definition of the 
image corresponds to the definition of the display device as defined by the light emitting elements; 
filtering the image data for each light emitting element by a factor independent of the luminance contribution 
of the respective light emitting element and adjacent light emitting elements; 
20 processing the filtered image data for each light emitting element in accordance with the luminance contribution 

of the respective light emitting elements and adjacent light emitting elements of the said primary colors, which 
processing compensates at least in parts for filtering the said data independently of the contribution to lumi- 
nance of the said three primary colors; and, 

allocating respective sub-pixels of the filtered image data to respective pixels on the display device, thereby 
25 to display the filtered image on the display device. 
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Fig. 1 
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Fig. 3 
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Fig. 6 
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Fig. 7 




24 



EP 1 174 855 A2 



Fig. 8 
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Fig. 9 
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Fig. 10 
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Fig. 11 
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Fig. 12 
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Fig. 20 
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Fig. 21 
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Fig, .22 
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Fig. 23 
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Fig. 28 
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